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Abstract. The aim of this study was to compare validity of leg-to-leg bioelectrical 
impedance (BI), method with that of anthropometry, using hydrostatic weighing 
(HW) as the criterion test. A secondary objective was to cross-validate previously 
developed  anthropometric  regression  equations  as  well  as  to  develop  a  new 
regression equation  formula  based on the anthropometric data collected in this 
study.  Three  methods  for  assessing  body  composition  (HW,  BI,  and 
anthropometric) were administered to 99 male university athletes. Means, standard 
deviations  of  age,  weight,  height  and  BMI  of  athletes  were  as  follows:  Age 
(21.87±2.04), weight (68.95±7.41 kg), height (174.86±6.05 cm), BMI (22.53±1.91 
kg/cm
2). The mean % fat estimates by BIA (7.9959±3.38) and HW (11.198±2.45) 
were  significantly  different  (P=0.0001). This  result  suggests  that  the  leg-to-leg 
BIA system not valid predict body fat in highly active males. As a result of all 
cross-validation  analyses,  we  recommend  the  equation  Durnin  and  Womersley 
(r=0.934 and SEE=0.86) for highly active male 20-29 years [DB=1.1631-0.0632 
(log sum of triceps, biceps, subscapular, suprailiac)]. The new regression formula 
developed  from  this  study  is  as  follows:  %  fat=0.432(triceps  sf.)  +  0.193 
(abdominal sf.) + 0.364(biceps sf.) + 0.077(weight) – 0.891 (R=0.843 and SEE = 
1.38%).  
(Biol.Sport 20:209-219, 2003) 
 
 
Key words: Hydrostatic weighing – Anthropometry - Body composition 
 
 
Introduction 
 
  Assessment of body composition has been of interest to researchers, educators, 
coaches, athletes, and individuals concerned physical fitness. There is evidence that 
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percentage body fat is inversely related to general physical performance tests [16], 
motor skills [22], and physical fitness [3,15]. In many investigations the positive 
effects of exercise training on body composition have been conducted [4]. Specific 
uses  of  body  composition  analysis  in  athletes  include  the  determination  of 
appropriate weight for competition, particularly in sports such as gymnastics where 
appearance is important and in weight-limit sports such as wrestling. Knowledge of 
the typical body composition of athletes in a sport is helpful in determining suitable 
target weights and in evaluating the effects of training programs. Unfortunately, the 
ideal  weight  and  fat  of  an  athlete  for  optimum  performance  are  not  known 
precisely [25]. Forsyth and Sinning (1973) found that anthropometric equations 
developed on nonathlete population to estimate % BF may not be accurate for male 
athletes [9]. They developed new equations based on a sample of athletes. Withers 
et al. (1987) developed equations for male athletes based on 205 male athletes [32]. 
Sinning  et  al.  (1985)  found  generalized  equations  developed  by  Jackson  and 
Pollock (1978) were more accurate than other selected equations (r=0.82 to 0.84; 
SEE 2.38 to 2.51; PE 2.38 to 2.53% BF) for estimating % BF in 265 male athletes 
[27,13].  
  The aim of this study was to cross-validate leg-to-leg bioelectrical impedance 
and  previously  developed  anthropometric  regression  equations  as  well  as  to 
develop a new regression formula based on the anthropometric data collected in 
this study. 
 
Material and Methods 
 
  Subjects: Table 1 contains means and standard deviations for the ages, heights, 
and weights of the subjects. All subjects were students of the School of Physical 
Education and Sports in Akdeniz University, Antalya / Turkey. There were a total 
of 99 players which consist of 61 team sports (basketball, soccer, team handball, 
and volleyball), 38 individual sports (tracandfields, tennis, combat). All subjects 
read and signed consent forms prior to participation in our study. This study was 
approved by Scientific Research Projects Division of the Akdeniz University prior 
to its initiation.  
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Table 1  
Means and SD for age, height, weight and BMI of subjects  
 
 
N=99  Mean  SD  Min  Max 
 
Age (y)  21.87  2.04  16.78  26.97 
 
Height (cm)  174.86  6.05  162.00  189.00 
 
Weight (kg)  68.95  7.41  54.70  90.40 
 
BMI (kg/cm
2)  22.53  1.91  18.30  27.60 
 
 
  Anthropometry: The following anthropometric measurements were carried out 
by the same researcher on all subjects according to Anthropometric Standardization 
Reference Manuel [17]: 1) height and weight; 2) thicknesses of the triceps, biceps, 
sub scapular, suprailiac, abdominal, axilla, thigh, calf and forearm skin folds. All 
skinfold  measurements  were  taken  with  Holtain  skinfold  caliper.  Duplicate 
measurements  were  taken  at  each  site,  and  if  measurements  differed  from  the 
original measurement 0.4 mm, a third measurement was taken. The average of 
closest measurements was used in subsequent calculations of percent body fat; 3) 
girths of neck, shoulder, chest, abdomen 1(waist), abdomen2, hips, thigh, knee, 
calf,  ankle,  biceps,  forearm,  and  wrist;  4)  breadth  of  biacromial,  bitrochanter, 
humerus,  and  femur.  The  8  generalized  formulas  selected  because  they  are 
commonly used for the estimation of BD and % fat in young male populations. 
Percent body fat was calculated from Siri equation. Table 2 lists the anthropometric 
and  anthropometric  plus  impedance  equations  to  estimate  BD  and  %  fat  from 
anthropometric and bioelectrical impedance measurements.  
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Table 2  
Anthropometric and anthropometric plus impedance regression equations used in 
study 
 
Abr.  Source  Equation  
 
SW  Sloan andWeir 
[29] 
[(BD=1.1043-0.001327(thigh)- 
0.001310(subscapular)] 
DW  Durnin and 
Womersley [7]  
[BD=1.1631-0.0632(log sum of triceps, biceps,  
subscapular, suprailiac)] for 20-29 years 
FS  Forsyth and  
Sinning [9] 
[BD=1.0647-0.00162(subscapular)-
0.00144(abdominal)-0.00077(triceps) -
0.00074(midaxillar) 
KM  Katch-McArdle 
[14] 
%fat=0.43(triceps)+0.58(subscapular)+1.47 
GU  Gua et al.  
[10] 
BD=0.646(weight)-0.116(calf)-0.375(midaxillar)+ 
0.475(biceps girth)+0.156(height
2/Z)-2.932 
LH  Lohman  
[18] 
BD=0.485(height
2/Z)+0.338(weight)+5.32 
SE  Segal  
[23] 
BD=0.0013(height
2)+0.044(Z)+0.305(weight)- 
0.168(age)+22.668 
 
 
  Residual volume: Residual volume was estimated as a constant fraction of vital 
capacity (0.24 in males) Cosmed pony spirometer was used for measurement of 
vital capacities of subjects [33].  
  Hydrostatic weighing: HW method was administrated according to the method 
described  by  McArdle  et  al.  [20].  Briefly,  the  procedure  was  performed  in  a 
cylinder tank that was approximately 160 cm deep, 120 cm width. The chair was 
calibrated prior to each test while it was unloaded and at 0.0 kg. prior to each 
measurement, the subject took a deep breath, exhaled approximately one-half tidal 
volume in to the air, placed his head completely under the surface of the water, and 
continued to expel air as long as possible. When the subject had expelled as much 
as air as possible, he signaled to the experimenter, and a measure of underwater 
weight was taken. This procedure was repeated 10 times; the mean of the 3 highest 
readings was used in subsequent calculations. Body density was then calculated 
according to the following formula: 
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  In this formula, BD represents body density, BW represents body weight in 
grams,  WW  represents  underwater  weight  in  grams,  DW  represents  density  of 
water at measured temperature, and RW represents residual volume in milliliters. 
Percent body fat was then calculated according to the formula of Siri [28], in which 
percent body fat=495/BD-450. 
  Bioelectrical  impedance:  The  foot-to-foot  impedance  apparatus  (Tanita  Inc, 
Tokyo, Japan, Model 310) was used for assessment of body % fat. BIA is a rapid, 
noninvasive,  and  noninstrusive  method  for  measuring  body  composition.  The 
Tanita  body-fat  analyzer  is  a  novel  device  to  estimate  body  fat,  based  on  the 
principles  of  bioelectrical  impedance.  It  differs  from  other  impedance  systems 
which use surface electrodes in that the subjects stand bare-footed on metal sole-
plate which incorporates the electrodes; hence impedance is measured through the 
legs and lower trunk. 
  A  set  of  written  guidelines  was  given  to  each  athlete  before  his  designated 
testing date. The guidelines included [11] the following: 1) no large meals 4 h 
before test; 2) no vigorous exercise 12 h before test; 3) empty bladder 30 min 
before test; 4) no alcohol consumption 48 h before test; 5) no diuretic medications 
two days before the test: and 6) consumption of liquids limited to 1% of body 
weight 2 h before test. Measurement was performed in bare feet and 3 h after 
waking.  
  Data analysis: Means and standard deviations were computed using the SPSS 
software package. Analysis of variance and paired samples t- tests were performed. 
Pearson correlation coefficients, stepwise regression were performed utilizing the 
SPSS software package. In addition this Bland-Altman analysis was performed for 
validity [5].  
 
 
 
 
) 100 ( (    RV
DW
WW BW
BW BD
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Table 3  
Means (X), standard deviations (SD), correlation coefficients, Standard error of 
estimate (SEE) for prediction of percent body fat  
 
Method  % fat  R  SEE  
% fat 
HW 
*BIA 
+GU 
+SE 
+LH 
FS 
SW 
KM 
DW 
11.198 (2.45) 
7.9959 (3.38) 
11.62 (2.57) 
13.60 (4.48) 
11.50 (4.78) 
11.93 (3.64) 
9.42 (2.04) 
10.13 (1.86) 
11.11 (2.37) 
---------- 
0.544 
0.668 
0.557 
0.527 
0.716 
0.719 
0.774 
0.934 
----------- 
2.85 
1.83 
2.04 
2.09 
1.71 
1.71 
1.56 
0.86 
 
Results 
 
  Table 3 shows means, standard deviations, correlation coefficients, SEE for all 
methods of percent body fat assessment used in this study. As can be seen from the 
table, R, SEE for DW Are substantially better than their corresponding measures 
for anthropometric and anthropometric plus impedance regression equations.  
 
Table 4  
Correlation matrix for methods of body composition used in this study 
 
  
  HW  BIA  GU  SE  LH  FS  SW  KM  DW 
HW  1                 
BIA  0.544  1               
GU  0.6679  0,5984  1             
SE  0.5570  0,8110  0.7137  1           
LH  0.5270  0,7731  0.7718  0.9207  1         
FS  0.7159  0.4899  0.6423  0.4468  0.4315  1       
SW  0.7193  0.5441  0.6695  0.5569  0.5151  0.7855  1     Validity of leg-to-leg bioelectrical impedance   
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KM  0.7743  0.8667  0.6866  0.6090  0.5472  0.8050  0.8667  1   
DW  0.9370  0.8056  0.7101  0.6173  0.5899  0.7648  0.8056  0.8598  1 
 
HW - hydrostatic weighing; BIA - bioelectrical impedance; GU - Gua; SE - Segal; 
LH - Lohman; FS – Forsythand Sinning; SW – Sloanand Weir; KM - Katchand 
McArdle; DW – Durninand Womersley percent fat measure  
 
 
  Table 4 is a correlation matrix that compares all methods of measuring percent 
body fat. The highest correlation for the skinfold regression formulas was DW 
(0.937) which accounting for 87.80% of variability in HW. The highest correlation 
for  the  bioelectrical  impedance  formulas  to  HW  was  GU  (0.6679),  which 
accounted for only 44.61% of variability in HW.  
 
 
Table 5  
Analysis of variance and paired samples test for methods of body composition used 
in this study 
 
Source  Sum of squares  DF  F-ratio  Prob. F 
Intercept  
Error 
106740,09 
6144.166 
1 
98 
1702,514  0.0001 
Paired samples test            
HW with BIA 
HW with GU 
HW with SE 
HW with LH 
HW with FS 
HW with SW 
HW with KM 
HW with DW 
T = 10.981 
T = -2.098 
T = -6.420 
T = -0,729 
T = 2.870 
T = 8.785 
T = -6.878 
T = -0.959 
P= 0.0001 
P= 0.039 
P= 0.0001 
P= 0.468   
P= 0.005 
P= 0.0001 
P= 0.0001 
P= 0.340 
 
 
  Table 5 is measures ANOVA for all methods of body composition assessment. 
Since the overall F-ratio was highly significant (P<0.0001), paired sample t test 
was performed to determine which methods were significantly different from HW. 
The  following  results  were  obtained:  (a)  all  BIA  methods  were  significantly                                                                                                          S.Civar et al. 
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different from HW except LH (P>0.05), (b) one anthropometric formulas (DW, 
P>0.05) was not different from HW, the others were significantly different from 
HW, with the FS, SW formulas overestimating and the BIA, GU, SE, and KM 
formulas underestimating the true percent body fat, as measured by HW. 
  Table 6 is a stepwise regression analysis to develop a new regression formula 
from anthropometric data collected in this study. Once triceps, abdominal, biceps 
skinfold and weight measurements had been entered into the formula, the addition 
of other variables did not significantly (P<0.05) add to predictive accuracy the 
formula is as follows: % fat = 0.432(triceps) + 0.193(abdominal) + 0.364(biceps) + 
0.077(weight) – 0.891. The validity coefficient is 0.8426, which is better than all 
validity coefficients obtained in this study with the exception of DW (0.937). The 
SEE  of  1.38  %  is  lower than  all  methods in  this  study,  except  DW (0.86  %). 
However, this regression formula needs to be cross-validated in future studies.  
 
Table 6  
Stepwise regression analysis 
 
  Regression 
coefficient 
Standard error 
for coefficient 
 
t  P 
Intercept   -0.891  1.408  -0.633  0.001 
Triceps  0.432  0.090  4.788  0.001 
Abdominal  0.193  0.047  4.081  0.001 
Biceps  0.364  0.162  2.245  0.027 
Weight   0.077  0.021  3.762  0.01 
 
 
Discussion 
 
  Accurate body composition assessment is beneficial for athletes, as it can be 
indicative  of  health  and  performance  status.  In  many  studies  indicated  that 
regression  equations  for  the  non  athletic  groups  are  not  valid  for  the  athletes 
[1,19,34,21].  Our  data  provide  measured  (HW)  and  predicted  (BIA  and 
anthropometric formulas) %fat values for male athletes. The study purpose was to 
determine  whether  the  BIA  and  anthropometric  field  techniques  could  provide 
valid estimates of body composition in this population. 
  In this study, both BIA and anthropometric techniques were used to predict 
%fat compared with value obtained from criterion measurement (HW). Many body Validity of leg-to-leg bioelectrical impedance   
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composition studies have been performed with male athletes. For instance, elite 
runners have been measured at between 4.7 and 13.6% [21]. Volleyball players 
9.8% [8], wrestlers 8.8 and 11% [26], soccer 9.5 [27], tennis 11.3 % [27], racket 
sports 12.8 % [32], basketball 10.5% [24]. These values are consistent with our 
data.  
  Also most other studies have utilized HW as the criterion, Leg-to-leg BIA has 
been shown no statistical difference between % BF determined by HW in highly 
active and heterogenic males but the range of individual error scores was large 
[2,6,8,30,31].  
  In  our  study  the  comparison  of  HW  and  leg-to-leg  BIA  methods  were  not 
interchangeable. The means by BIA were significantly lower than HW (P=0.0001). 
Moreover, the limits of agreement among methods were quite wide (2.6/-9). A 
Bland-Altman plot of difference between %fat measured by underwater weighing 
and BIA versus average %fat by the two methods showed systematic difference. 
The %fat was estimated at 11.2 with underwater weighing, and 7.99 with BIA 
(r=0.544, SEE 2.85 %). 
  The LH mean (anthropometric+impedance formula) was not differ significantly 
than HW. The correlation for the LH formulas (anthropometric plus impedance) to 
HW was (0.527), which accounted for only 27.77% of variability in HW. Also LH 
formula was not interchangeable for HW.  
  Durninand  and  Womersley  (DW)  equation  the  best  predictive  and  valid 
anthropometric  formula  which  used  in  this  study.  This  equation  is  valid  for 
university male athletes between 20-29 years of age. The Standard error of estimate 
lover  and  the  validity  coefficient  higher  than  all  formulas  used  in  this  study 
(r=0.937, SEE=0.86). Their Bland-Altman plots suggest limits of agreement among 
methods were quite narrow (1.79/-1.63).  
  The  validity  coefficient  (0.8426)  and  SEE  (1.38%)  for  the  new  regression 
formula developed from this study were better than the other formulas and BIA 
measurement  except  DW.  This  equation  needs  to  be  cross-validated  on  a  new 
group of athletes.  
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